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(57) Abstract 

A controlled-release composition for a biologically ac- 
tive material, wherein said active material has been dissolved 
or dispersed in an L2-phase comprising: (a) at least one mon- 
oglyceride of an unsaturated fatty acid having 16-22 carbon at- 
oms or a vegetable or animal oil containing such a monoglycer- 
ide, (b) at least one triglyceride of at least one unsaturated fatty 
acid having 16-22 carbon atoms or a vegetable or animal oil 
containing such triglycerides and (c) at least one polar liquid 
selected from the group consisting of water, glycerol, ethylene W ATER 
glycol and propylene glycol. Such L2 phases are known per se 
but are novel in this context. The composition is prepared by 
forming the L2 phase and adding the biologically active mate- 
rial before, during or after the formation of the L2-phase. For 
sensitive substances such as proteins a mixture of the mono- 
and triglycerides is added dropwisely to a solution of said sub- 
stance in the polar liquid. The invention also relates to the use 
of this specific L2-phase to encapsulate a biologically active 
material. 
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A controlled-release composition for a biologically active material 
dissolved or dispersed in an L2-phase. 

TECHNICAL FIELD : 

The preeent invention relatee to the field of en- 
capsulating biologically active materiala in ordtr to 
obtain a tuftaintd roleaso thereof aa ia deeirable with- 
in many different tachnical fielde, auch aa for inatance 
to hava a longar laating affact of a pharmacaut ically 
activa material. Mora apacif ically tha invantion ralatea 
to a novel encapsulating material or eyatero which ia 
thermodynamically etable, which ia uaeful for water- 
-eoluble aa well aa wat er-ineoluble biologically active 
compounds and which enables a highly reproducible 
sustained release of said biologically active compounds. 
With reference to last-mentioned property the term 
"controlled release" will be uaed throughout description 
and claims to emphasize the fact that by the present 
invention the desired sustained releaae of any active 
compound can be obtained in a controlled way. 

BACKGROUND OP THE INVENTION : 

One technique of ancapeulat ing biologically active 
materiala for sustained-release purposed is disclosed in 
US Patent Specif icationa Noa . 4,106,100; 4,145,410; 
4,235,871; and 4,241,046. In theae applicatione polymer- 
-water preparationa or aystems are utilized aa encapsu- 
lating materiala. Theae preparationa are, however, 
thermodynamically unatable < dispersions , emulaiona and 
veaiclea) and conaiat of at leaat two phases. 

The preaent invention ia baaed on the use of a 
fundamentally different ayatem, viz. a thermodynamically 
atable one-phase composition having a well-defined 
structure, by which it haa turned out poeeibl to li- 
minate or at leaat draetically reduce diaadvantages as- 
aociated with the above-menti ned prior art compositi- 
ons . 
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The n w composition or system used according to 
the present invention is a non-toxic liquid phase formed 
from certain amphophilic substances and a polar liquid 
and is called an L2-phaae. The L2-phaee is a phase known 
5 Per sjg, but as far as we know of it has previously not 

been used for the purposes of the present invention. 
However, for a better understanding of the invention the 
present information can be given concerning amphiphilie 
substances and the L2-phase. 

10 Amphiphilie substances are substances with hydro- 

philic as well as hydrophobic Clipophilic) groups and 
such substances spontaneously tend to self-associate 
in aqueous systems forming various types of aggregates. 
The L2-phaee is one such phase. The L2-phase is a liquid 

15 phase with water-aggregates in a hydrocarbon-continuous 

medium <see Ekwall, P. , Advances in Liquid Crystals, Ed. 
G.W, Brown, Academic Press, New York, 1975). The phase 
can coexist in equilibrium with water or a dilute aique- 
ous solution. It is. known that edible oils, like soybean 

20 oil, and water can form such a phase in the presence of 

monoglycerides of unsaturated fatty acids, such as sun- 
flower oil monoglycerides (see Fontell et al. 
J. Colloid Interface Sci. 93 <1983) 453). Further infor- 
mation about L2-phaees will be given below in connection 

25 with the disclosure of the invention. 

SUMMARY OF THE INVENTION 

By the present invention there is accomplished a 
controlled release composition for a biologically active 

30 material which composition shows several advantages as 

compared to the prior art compositions. As was mentioned 
above this is obtained by using a special L2-phase as 
the encapsulating material. More specifically the compo- 
sition according to the present invention is character- 

35 ized in that th biologically active material is dissol- 

ved or dispersed in an L2-phas comprising Ca) at least 
one monoglye rid of an unsaturated fatty acid haying 
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16-22 carbon atoms or a'veg table or animal il contain- 
ing such a monoglycer ido , <b> at least one triglyceride 
of at least one unsaturated fatty acid having 16-22 
carbon atoms or a vegetable or animal oil containing 
such triglycerides and <c> at least one polar liquid 
selected from the group consisting of water, glycerol, 
ethylene glycol and propylene glycol. 

The above-mentioned L2-phase is advantageous for 
the purposes according to the invention inter alia for 
the following reasons: 

It is thermodynamically stable and therefore, it 
has no tendency to phase separate with time (unless che- 
mical decomposition occurs). 

It has distinct hydrophilic and hydrophobic do- 
mains, which enables it to dissolve Csolubilize) or dis- 
perse both water-soluble and water-insoluble compounds. 

The distinct hydrophilic and hydrophobic domains 
represent an organized structure that puts restrictions 
on the diffusion of added compounds, a fact which can be 
advantageously used for cont rolled-release purposes. 
Thus, the release rate of a bioactive substance is de- 
termined by the outer surface of the phase towards the 
surrounding medium and the proportions between hydro- 
philic and hydrophobic domains within the phase. As wae 
mentioned above the L2-phase used in accordance with the 
present invention comprises or consists of a special 
liquid monoglycer ide , a special liquid triglyceride and 
a polar liquid. Once these three components of the sys- 
tem have been specified in each single case, the exact 
composition of the corresponding L2-phase can be found 
in the prior art, e.g. from a ternary phase diagram. An 
example of such a phase diagram is shown in 
Pig. 1 of the drawing which shows the phase diagram for 
the system 'of sunflower oil monoglycer ide/soybean 
oil/water at 40°C and 90°C. The two-phase regions and 
three-phase triangles are marked only at 40°C. Notati- 
ons: L2, isotropic "oily" solutions; C, cubic liquid 
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crystalline phase; D, lamellar liquid crystalline phae ; 
P, reversed hexagonal liquid-crystalline phase. Concen- 
trations in X (w/w) . At room temperature the L2-phase 
has a maximum content of water of about 12-14% (w/w) , 
5 and substances localized in the aqueous regions or 

aggregates will have a highly reproducible sustained 
release into an outside water phase (or polar liquid 
phase, respectively). 

Generally, the monoglyceride is a monoglyceride of 

10 an unsaturated fatty acid having 16-22 carbon atoms. 

However, often, it is not necessary or rather preferable 
not to utilize said monoglyceride in the pure form but 
to use instead a natural product containing the same, 
such as a vegetable or animal oil containing the desired 

15 monoglyceride. 

According to a preferable embodiment of the com- 
position of the invention the monoglyceride is a mono- 
glyceride of an unsaturated fatty acid having 18 car- 
bon atoms or a vegetable or animal oil containing the 

20 same. An especially preferable monoglyceride from this 

group is monoolein or monolinolein or a vegetable or 
animal oil containing the same. 

The triglyceride used is a triglyceride of at 
least one unsaturated fatty acid having 16-22 carbon 

25 atoms but also in this case a natural product containing 

said triglyceride can replace the same, such as a vege- 
table or animal oil containing the desired triglyceride. 

A preferred composition according to the invention 
contains as said triglyceride a triglyceride of at least 

30 one unsaturated fatty acid having 18 carbon atoms or a 

vegetable or animal oil containing the same, an 
especially preferable oil being soybean oii. 

The polar liquid utilized in the claimed composit- 
ion is preferably water, but said water can ale be 

35 partly or fully replac d by glycerol, ethyl en glycol 

and/or propylene glycol, which polar liquids can b used 
for fine adjustm nts of the release rates of biological- 
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ly active material* from the L2-phase. That is different 
polar liquids or different proportions between polar 
liquids can be used to control the release rate of a 
specific active material. For such a control or adjust- 
5 ment of the release rate common salt , i.e. sodium chlo- 

ride, can also be used. 

As was mentioned above the exact composition of a 
specific L2-phase is taken from a phase diagram while 
taking into consideration the desired release rate for 

10 the active compound to be encapsulated, which rate is 

determined by a person skilled in the art by simple rou- 
tine experiments. However, a preferable weight ratio of 
mondglycer ide to triglyceride is within the range of 
from 1:1 to 3:1, more preferably from 2:1 to 2,5:1 and 

15 especially around 7:3. The content of water Cor other 

polar liquid) is generally determined by the maximum 
water content of the L2-phase region, which is often not 
above 12-14% <w/w> . Therefore, a suitable water content 
is within the range of 4-12, preferably 5-10 X. 

20 With reference to the term "biologically active 

material" or similar as used throughout the specificat- 
ion and claims it means a compound or composition which 
when present in an effective amount, reacts with and/br 
affects living cells and organisms. 

25 One interesting group of compounds to be 

encapsulated in accordance with the present invention is 
the group of pharmaceutical compounds, e.g. antibiotics, 
proteins, steroids, vitamins and nucleic acids, penicil- 
lin being an example of antibiotic, insulin an example 

30 of a protein and oestriol and prostaglandins 

examples of steroids. 
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In connection with prot ins it can alto be menti- 
oned that an L2-phaae exists in connection with fat di- 
gestion and absorption in the intestine Csae Lindstrdm 
It ii., Lipids XS., 1981, 749). We have found that this 
5 L2-phase can protect sensitive substances, like pepti- 

des, from degradation in the gastric environment until 
they are absorbed. Furthermore, an increased uptake has 
been observed. This L2-phase can function as a vehicle 
providing chemical protection and controlled uptake in 

10 oral administration of drugs and, thus, in certain cases 

even an improved uptake in the intestinal system. 

The composition according to the invention when* 
used as a pharmaceutical composition is prepared with a 
carrier suitable for oral, rectal or transdermal admini- 

15 stration or suitable for inhalation. 

Another example of a biologically active material 
to be encapsulated in accordance with the principles of 
the present invention is a compound for agricultural 
use, such as pesticides, fertilizers and trace elements. 

20 Still another example of an interesting active 

compound in this connection is a feromone but any active 
substance that can be dissolved or dispersed in the 
L2-phase should be encapsulable in accordance with the 
invention. 

25 Generally, the biologically active material is 

present in an amount of 0,i-10X by weight of a ready-to- 
-use composition, although the invention is not limited 
to said amounts. 

According to another aspect of the invention a 

30 method of preparing the above-mentioned 

controlled-release composition is provided. Thie method 
is characterized by forming a mixture of the above- 
-defined monoglyceride and triglyceride in such amounts 
th roof that an L2-phase is formed when said mixture is 

35 contacted with the polar liquid selected from 

the gr up consiating of water, glycerol, ethylen glycol 
and propylene glycol, the biologically active material 
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b ing added befor.. during or aft r the formation of 
•aid L2-phase. Generally this means that .aid active 
material is added to the L2-pha»e when formed but it can 
also be added e.g. to the polar liquid before aaid 
5 L2-phaee is formed. 

Before disclosing some preferable embodiments of 
the method according to the invention the following 
should be noted. Since water is the preferable polar 
liquid some aspects or embodiments of the invention will 

10 be described in connection with water. However, this 

does not mean that the general ideas are not similarly 
applicable to the other polar liquids mentioned. The 
water aggregates of the L2-phase or the interfacial zone 
between the hydrophilic and hydrophobic regions of the 

15 phase provide the sites of controlled release in the 

case of active substances solved in the phase. In the 
case of a very low solubility of the active substance in 
the phase it can be dispersed within the L2-phase . The 
L2- P haee has a very low interfacial tension towards an 

20 outside water phase, and it is therefore eaeily 

emulsified into water. When a sensitive substance, e.g. 
a protein, is aolubilized into the L2-phase, it must 
first be solved in the water phase. Then the protein 
solution is mixed with the monoglyceride-triglyceride 

25 mixture, the optimum weight ratio of last-mentioned 

mixture being 7:3, said mixing operation being performed 
by dropwisely adding the monoglyceride-triglyceride li- 
quid to the protein eolution. Only under these condit- 
ions it is possible to keep the native protein structu- 

30 re. If the drops are added to the protein solution with 

intervals around one second, the L2-phase formed will 
swell to the limit of water swelling between each 
addition. Thus the protein will keep the water en- 
vironment needed during the whol preparation process. 

35 Thus, one embodiment of the claim d method, which 

is of special interest in conn ction with sensible sub- 
stances, such as proteins, is character!* d by forming a 
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solution of the active material in the polar liquid, 
preferably water, as well as a mixture of the monoglyce- 
ride and the triglyceride and adding the monoglyceride- 
-triglyceride mixture dropwieely to the solution of said 
active material in the polar liquid. 

The preparation in this way of a 5X Cw/w) cyto- 
chrome c, solution in water, which is then transferred 
into an L2-phase formed by monolein-eoybean oil Cweight 
7:3) gives a final protein concentration in the L2-phaee 
of 0.6%. When this L2-phase is kept in contact with a 
water phase, with 1 cm 3 of each phase and 1 cm 2 in 
contact area in between, it takes about two days until 
the protein concentration in the outside water has 
reached the equilibrium value. 

The preparation of L2-phase containing bioactive 
substances of more simple types, like hydrocortisone or 
vitamins, can be prepared by mere mixing of the ingre- 
dients in the desired proportions. Then it is just to 
wait for equilibrium to be reached, as the L2-phaee is 
thermodynamic ally stable. 

With reference to the method according to the in- 
vention it should also be added that those preferable 
embodiments which have been described above in connect- 
ion with the composition are similarly applicable to the 
method and need not be repeated here. 

Finally, the present invention also relates to the 
use of the above-mentioned L2-phase, including all pre- 
ferable embodiments thereof, to encapsulate a biologi- 
cally active material in order to obtain a preparation 
giving a controlled release of said biologically active 
material. Ae has been mentioned above this use is 
especially interesting in connection with sensible 
substances such ae prot ins. 

Some embodiments of the invention will- now be de- 
scribed more in detail by the foil wing non-limiting 
examples / 
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example 1 

100 mg of lysozyme i» dissolved in 1 g of water. This 
solution is mixed at 40°C with a mixture of 3 g of soy- 
bean oil and 7 g of sunflower oil monoglycerides last- 
-mentioned mixture being dropwisely added to said lyso- 
zyme solution. The L2-phase formed thereby exhibits a 
slow release of the protein molecules into water in the 
environment. A droplet thereof under the eye-lid will 
provide an antimicrobial effect during several hours. 
Example 2 

1 g of hydrocortison is dissolved in an L2-phase prepar- 
ed from 65 g of monoolein, 27 g of olive oil, 5 g of 
propylene-glycole and 3 g of water. This liquid can be 
used for a transdermal administration of hydrocortison. 
Example 3 

Benzylpenicillin is used in the form of a saturated wa- 
ter solution to form an L2-phase which consists of 13* 
<w/w> of penicillin solution, 60* of monoolein and 27X 
<w/w) of soybean oil. The ingredients are mixed at room 
temperature until a transparent single phase is obtain- 
ed. The penicillin is protected against acidic degradat- 
ion in the stomach. 
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1. A controlled-releaae composition for a biologi- 
cally active material, characterized in that eaid biolo- 
gically active material hai been dieeolved or dispersed 
in -an -~L2-^>haee compri-ein^ 

Ca) at least one monoglycerida of an unsaturated fatty 
acid having 16-22 carbon atoms or a vegetable or animal 
oil containing such a monoglyceride, 

<b> at least one triglyceride of at least one unsatu- 
rated fatty acid having iS-22 carbon atoms or a vegetab- 
le or animal oil containing such triglycerides and 
Cc) at least one polar liquid selected from the group 
consisting of water, glycerol, ethylene glycol and pro- 
pylene glycol. 

2. A composition according to claim X, character- 
ised in -tiiat said monoglyceride is a monoglyceride of an 
unsaturated fatty acid having 18 carbon atoms or a vege- 
table or animal oil containing the saae. 

3 • A composition according to claim 2, characte- 
rized in that said monoglyceride is selected from the 
group consisting of monooiein and monolinolein or a ve- 
getable or animal oil containing the same. 

4. A composition according to anyone of the pre- 
ceding claims, characterized in that said triglyceride 
is a triglyceride of an unsaturated fatty acids having 
IB carbon atoms or a vegetable or animal oil containing 
the same . 

5. A composition according to claim A % character- 
ized in that aaid triglyceride is soybean oil. 

6. A composition according to any one of the pre- 
ceding claims, characterized in that the weight ratio of 
monoglyceride to triglyceride is within the range of 
from 1:1 to 3:1, preferably from 2:1 t 2,5:1, sp dai- 
ly around 7:3. 
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7. A composition according to any one of the pre- 
ceding claims, characterized in that the biologically 
active material is selected from the group consisting of 
pharmaceutical compounds, such as antibiotics, proteins, 
steroids, vitamins and nucleic acids; compounds for 
agricultural uses, such as pesticides, fertilizers and 
trace elements; and feromones. 

8. A composition according to any one of the pre- 
ceding claims, characterized in that the biologically 
active material is present in an amount of 0,1-iOX by 
weight of a ready-to-use composition. 

9. A composition according to any one of the pre- 
ceding claims, characterized by a water content of about 
4-12, preferably 5-10, % by weight, 

10. A composition according to any one of the pre- 
ceding claims, characterized by cbntaining sodium chlo- 
ride as a release rate modifying agent. 

11. A pharmaceutical composition according to any 
one of the preceding claims, characterized in that it 
contains a pharmaceutical^ acceptable carrier useful 
for oral, rectal or transdermal administration or for 
inhalation . 

12. A method of preparing a cont rolled-release com- 
position according to any one of claims 1-11, character- 
ized by forming a mixture of said monoglyceride and tri- 
glyceride in such amounts thereof that an L2-phase is 
formed when said mixture is contacted with the polar 
liquid selected from the group consisting of water, gly- 
cerol, ethylene glycol and propylene glycol, and adding 
the biologically active material to dissolve or disperse 
the same in said L2-phaae, said addition being made be- 
fore, during or after the formation of said L2-phaae. 
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13. A method acc rding to claim 12, which is espe- 
cially useful for sensible substances such as proteins, 
characterized by forming a mixture of said monoglyceride 
and triglyceride, dissolving the biologically active 
material in the polar liquid, preferably water, and 
dropwiaely adding the monoglyceride-triglyceride mixture 
to the solution of biologically active material in said 
polar liquid. 

14. Use of an L2-phase as defined in any one of 
claims 1-11 to encapsulate a biologically active 
material, preferably a protein, so as to obtain a 
preparation giving a controlled release of said 
biologically active material. 
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